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X-ray and EUV Observations of GOES C8 Solar Flare Events
Trevor A. Bowen1,2, Paola Testa 1, Katharine K. Reeves1
ABSTRACT
We present an analysis of soft X-ray (SXR) and extreme-ultraviolet (EUV)
observations of solar flares with an approximate C8 GOES class. Our constraint
on peak GOES SXR flux allows for the investigation of correlations between vari-
ous flare parameters. We show that the the duration of the decay phase of a flare
is proportional to the duration of its rise phase. Additionally, we show signifi-
cant correlations between the radiation emitted in the flare rise and decay phases.
These results suggest that the total radiated energy of a given flare is propor-
tional to the energy radiated during the rise phase alone. This partitioning of
radiated energy between the rise and decay phases is observed in both SXR and
EUV wavelengths. Though observations from the EVE show significant variation
in the behavior of individual EUV spectral lines during different C8 events, this
work suggests that broadband EUV emission is well constrained. Furthermore,
GOES and AIA data, allow us to determine several thermal parameters (e.g.
temperature, volume, density, and emission measure) for the flares within our
sample. Analysis of these parameters demonstrate that, within this constrained
GOES class, the longer duration solar flares are cooler events with larger vol-
umes capable of emitting vast amounts of radiation. The shortest C8 flares are
typically the hottest events, smaller in physical size, and have lower associated
total energies. These relationships are directly comparable with several scaling
laws and flare loop models.
Subject headings: Sun: corona, Sun: flares, Sun: UV radiation, Sun: X-rays
1. Introduction
Solar flares are transient eruptive events characterized by a localized increase in radi-
ation from the solar atmosphere. Solar Dynamics Observatory (SDO) currently monitors
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extreme ultraviolet (EUV) emission with the EUV Variability Experiment (EVE) spectrom-
eter (Woods et al. 2012) and the Atmospheric Imaging Assembly (AIA) narrowband imager
(Lemen et al. 2012). The temporal cadence of these instruments proves ideal for studying
eruptive solar events. In addition to enhancements in EUV intensity, flares are associated
with increased X-ray radiation. The Geostationary Operational Environmental Satellite
(GOES) has provided full disk measurements of soft X-ray emission (SXR) since the mid
1970s (Garcia 1994).
Many previous studies have used statistical methods to characterize and parameter-
ize various flare behaviors: frequency distributions (Drake 1971; Pearce & Harrison 1988;
Pearce et al. 1993; Shimizu 1995; Feldman et al. 1997; Veronig et al. 2002; Li et al. 2012),
temporal distributions (Pearce & Harrison 1988), the Neupert effect (Lee et al. 1995; Veronig et al.
2002), EUV and SXR enhancements (Donnelly 1976; Zhang et al. 2012; Li et al. 2012), en-
ergy partitioning (Emslie et al. 2012), as well as the long term variability in flares over several
solar cycles (Ryan et al. 2012). These studies have utilized observations from a great variety
of instruments in a variety of wavelengths (SXR, HXR, EUV, as well as Hα). Furthermore,
these statistical studies of flares vary greatly in sample size, ranging from a few handfuls to
tens of thousands of events.
Feldman et al. (1997) and Veronig et al. (2002) show, using GOES data, that the flare
occurrence rate, as a function of peak flux, follows a power law. These studies, as well
as Drake (1971); Pearce & Harrison (1988); Pearce et al. (1993), also demonstrate smooth
distributions of flare rise, and decay, and total durations; Veronig et al. (2002) further shows
a loose but positive correlation between duration and GOES class. Similar studies have
been performed by Shimizu (1995) and more recently by Li et al. (2012). These studies,
which focus on the distribution of temporal parameters, such as duration, rise time, decay
time, and flare asymmetry, typically omit analysis of non-temporal flare parameters (other
than GOES class). Studies such as Emslie et al. (2005) and Emslie et al. (2012) analyze
various energy partitions within flares but do not consider temporal aspects or thermal
parameters. Feldman et al. (1996) address the statistical behavior temperature and emission
measure. Our work expands upon these previous studies through considering a variety of flare
parameters. We presently relate temporal parameters (duration, rise time, decay time, as
well as intervals between various emission peaks) with thermal parameters (radiated energy,
peak temperature, and emission measure), as well as spatial parameters (observed volumes
and loop lengths). Previously, Aschwanden et al. (2008) studied the statistical relationships
between these quantities in both stellar and solar flares, empirically deriving several power
laws for the global behavior of several flare parameters.
Unlike these previous studies, we constrain our analysis to a single GOES flare class,
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considering only events with an uncorrected peak observed soft X-ray flux within a small
range (∼ 20%) around 8 × 10−6 W m−2. Through constraining a single quantity, such
as GOES flux, we are able to relate these flare parameters with great transparency and
certainty, providing for an enhanced understanding of global flare behavior. These C8 flares
are medium sized events, occurring relatively frequently, which generally stand out strongly
against background radiation. This class includes a variety of flares, ranging from the highly
impulsive eruptions to long duration two ribbon events. These C8 flares may be extremely
hot or relatively cool events, and may occur in small compact loops or as large filament
eruptions. Furthermore, by analyzing data from both SDO and GOES, we can determine
the behavior of these flares across a broad range of wavelengths, as well as characterize
relationships between X-ray and EUV radiation. The selection of flares within a narrow
GOES flux range, coupled with other selection criteria (see discussion in Section 2.4), has
significantly impacted the sample size of this study, which is limited to 17 flare events
occurring the period between April 2011 and August 2012.
In Section 2 we introduce the GOES, AIA, and EVE instrumentation as well as our data
acquisition and processing methods; additionally, we discuss our sample of flares. Section
3 addresses the diversity of the C8 flare class as well as correlations between various flare
parameters. Section 4 follows with a discussion of the trends in emissive behavior of several
EUV spectral lines observed by EVE. Section 5 provides further discussion into our results,
while Section 6 concludes this paper.
2. Data Acquisition
2.1. GOES
The GOES mission provides high cadence full disk measurements of the solar SXR flux
in two channels (0.5-4 and 1-8 A˚). Flares are classified by a letter and number according
to the observed peak flux in the 1-8 A˚ band (Garcia 1994). In this study, we only consider
flares with an approximate C8 GOES class–i.e. the pre-background subtraction soft X-ray
peak intensity was approximately 8× 10−6 W m−2.
We define temporal parameters of these flares using the full width quarter-max (FWQM)
value of background subtracted GOES measurements (see example in Figure 1). The rise
time, a, is given as the time between first quarter-max intensity and peak intensity, while the
decay time, b, is given as the time between the peak and the return to this quarter-max value.
The total duration of the flare is given as the full width quarter-max time, a+b. The FWQM
duration includes the vast majority of the observed decay of the flare while simultaneously
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Fig. 1.— Sample GOES C8 SXR flare occurring on 2011 May 29. The full width quarter-max
(FWQM) duration is given by the summed rise (a) and decay (b) times.
avoiding significant interference from the background SXR flux or other flares.
In order to remove the contribution from quiet sun emission from our analysis, the av-
erage flux over a quiescent period preceding the flare was subtracted; a similar subtraction
was used for the EVE data. Ryan et al. (2012) developed an advanced method for back-
ground subtraction. Our sample is restricted to flares which are fairly isolated from other
X-ray events (see Section 2.4); this constraint helps to mediate the contribution of solar
background flux to the enhanced flare emission, making a more advanced background sub-
traction unnecessary. Table 1, which lists the selected events, includes both the uncorrected
flux, used in the GOES classification, as well as the background subtracted flux; the maxi-
mum deviation of our background subtracted values from the C8 flux level is approximately
20%. Several SSWIDL functions exist, e.g. White et al. (2005), which use the intensity
ratio between the long and short flux channels as well as the CHIANTI atomic database
(Dere et al. 1997, 2009) to perform diagnostics of temperature and emission measure. The
subtraction of the GOES background is necessary to ensure the quality of these diagnostics.
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2.2. AIA
AIA provides imaging of the solar atmosphere with sub-arcsecond pixels on a 12 s
standard cadence in a number of wavelengths (Lemen et al. 2012). Six of the AIA EUV
channels (94 A˚, 131 A˚, 171 A˚, 193 A˚, 211 A˚, and 335 A˚) are centered on prominent spectral
lines formed by various ionization states of iron. These channels contain information covering
a broad range of atmospheric temperatures (O’Dwyer et al. 2010; Mart´ınez-Sykora et al.
2011; Reeves & Golub 2011). The 304 A˚ passband is dominated by a chromospheric He ii
line with peak emission at Log T = 4.9. Observations from AIA are useful in studying
the spatial distribution of the flaring plasma, particularly in determining flare volumes,
detecting coronal mass ejections, as well as monitoring localized solar emission. Figure 2
displays images from the AIA 335 A˚ passband of six flares in our sample.
2.3. EVE
EVE takes full disk spectral measurements of the EUV solar spectrum on a 10 s cadence
with approximately 1 A˚ spectral resolution using the Multiple EUV Grating Spectrograph
(MEGS) component (Woods et al. 2012). MEGS is split into two channels: MEGS-A pro-
vides spectral data in the 65-370 A˚ range with a near 100% duty cycle. This range includes
lines corresponding with the seven AIA EUV channels. MEGS-B, ranging from 370-1000 A˚
is active for approximately three hours a day, with 5 minutes of further observations taken
every successive hour. EVE observes the full disk-integrated solar spectra; accordingly,
the spectral analysis of localized brightening events, such as flares, requires subtracting
the pre-flare background spectrum. Typically, subtraction is performed through removing
the observed spectrum averaged over a quiescent period preceding the flare. Milligan et al.
(2012a) find that subtracting free-free continuum may be required for accurate spectral anal-
ysis, particularly in larger flares. The flares in our sample do not show significant continuum
enhancement; accordingly, no continuum subtraction was performed. In several (three) of
our events, drop out periods, lasting several minutes, occur in the EVE data set; we have
used a linear interpolation to account for missing data in our light curves. Furthermore, we
use a 10 min box-car smoothing algorithm in our analysis of EVE data.
The high temporal cadence, large wavelength range, and spectral resolution provided by
EVE allow for the derivation of lightcurves corresponding to strong and largely unblended
spectral lines which brighten during solar flares. These lightcurves provide useful diagnostics
for determining the temporal evolution of thermal flare parameters. Milligan et al. (2012b)
used EVE observations of prominent iron spectral lines to perform density diagnostics on
several GOES X-class flares. The broad range in temperatures observed by EVE, T < 105
–
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Table 1. Statistical sample of approximate GOES C8 solar flares
Date Peak Time Peak Intensity Duration GOES Energy MEGS-A Energy
hr:min GOES Class min 1028 ergs 1028 ergs
Observed Corrected a Rise (a) Decay (b) Total (a + b) Total Rise Total Rise
07-May-12 11:08 C8.1 C7.4 2.3 3.8 6.1 0.53 0.22 1.26 0.18
06-Nov-11 09:56 C9.1 C8.0 1.6 7.3 9.0 0.61 0.17 5.46 1.38
30-Dec-11 10:32 C8.7 C8.1 1.7 11.8 13.5 0.96 0.16 7.36 1.64
15-Nov-11 20:34 C7.9 C6.7 6.2 17.9 24.0 1.66 0.51 8.11 1.96
25-Dec-11 20:28 C8.0 C7.4 2.0 7.8 9.8 0.71 0.19 8.73 1.86
04-Sep-11 01:07 C8.4 C7.6 2.3 15.3 17.6 1.16 0.22 10.03 1.63
08-Aug-11 22:08 C7.8 C7.3 5.8 19.7 25.5 1.95 0.54 11.88 2.37
21-Apr-11 09:47 C8.6 C8.0 5.0 16.9 21.8 1.89 0.50 18.97 4.51
03-Oct-11 00:30 C7.7 C7.1 7.8 50.2 58.0 4.08 0.70 24.85 4.28
27-Dec-11 04:21 C9.0 C8.1 5.8 19.1 25.0 1.98 0.58 25.27 6.66
08-Jun-12 03:06 C7.7 C7.1 3.7 21.7 25.3 2.17 0.31 27.62 4.50
30-Sep-11 04:00 C7.8 C7.3 9.0 22.7 31.7 2.44 0.81 29.34 8.70
29-May-11 21:22 C8.8 C8.1 15.2 40.2 55.3 5.10 1.65 37.41 8.09
09-Aug-12 11:47 C8.5 C7.5 9.5 54.8 64.3 4.09 0.76 46.32 6.19
04-Oct-11 09:23 C7.4 C6.9 16.8 64.3 81.2 5.90 1.19 63.10 13.08
21-Jun-11 03:26 C7.8 C7.5 55.3 99.3 154.7 12.01 4.78 88.25 20.23
31-Aug-12 20:43 C8.5 C7.8 53.6 129.4 183.0 15.72 5.49 445.88 99.63
aGOES class (peak 1-8 A˚ flux) after subtraction of the background SXR emission
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K to T > 107 K, allows for an analysis of temperature evolution over the course of the flare,
as shown for instance by Chamberlin et al. (2012), who provide a method to analyze flare
heating and cooling using EVE observations.
Additionally, integrating over the spectral range of MEGS-A allows for the measurement
of total broadband EUV flare emission from 65-370 A˚. These integrated EVE observations
are important in comparing EUV radiation with SXR observations. Zhang et al. (2012) show
that the peak intensities of flare SXR and EUV emission are statistically correlated. Studies
of the energy distribution of flares such as Emslie et al. (2005, 2012) and Milligan et al.
(2012a) show that EUV emission corresponds to only a few percent of the total energy of a
flare.
2.4. Flare Selection
We select flares with an approximate GOES C8 flare class. Table 1 lists the flares used
in this study, as well as characteristics derived from GOES and EVE. Only flares for which
SDO data are available were considered. These flares occurred between 2011 April 21 and
2012 August 31. Because of the pre-flare background subtraction performed on the GOES
and EVE data, only flares which were adequately isolated from other events were allowed
in the sample. This constraint was met by visual inspection of GOES data. Several flares
during this time period were excluded because lacking EVE data could not be reasonably
approximated with interpolation. Additionally, events were excluded when AIA observations
suggested significant occultation of flare emission by the solar limb.
3. Results
3.1. Diversity of the C8 Class
EUV observations of these events show that the C8 flare class is highly diverse. The
variation in size and morphology of these flares is evident in the AIA observations. Figure
2(a-f) shows AIA images in the Fexvi 335 A˚ channel of six flares included in our sample.
The diversity of these flares is further exemplified by the lightcurves of individual spectral
lines. EVE data were used to derive lightcurves for several prominent flare spectral lines: 94,
109, 133, 284, 304, and 335 A˚. Table 2 contains information regarding contributing ions as
well as peak formation temperatures from CHIANTI (Dere et al. 1997, 2009). Figure 3(a-f)
shows lightcurves corresponding to the six flares presented in Figure 2. We find that the
observed emission in these spectral lines varies greatly between individual C8 flare events.
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Fig. 2.— AIA images of six flares in our sample in the 335 A˚ passband. The flares displayed
capture the range of events in our sample: (a) 2011 May 29. (b) 2011 September 30; (c)
2011 November 15; (d) 2011 December 25; (e) 2012 May 07; (f) 2012 August 31.
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Fig. 3.— Lightcurves of six flares of our sample. Spectral EUV lightcurves observed by EVE are displayed in erg cm−2
s−1 on the left axis. The GOES SXR lightcurve (red), is given in W m−2 by the right axis. The dashed lines in each
panel demarcate the time interval used in calculating the pre-flare background emission.
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Table 2: EVE spectral lines selected for analysis
Spectral Line Peak Temp. Temp. Range Ions
A˚ Log T Log T
94 A˚ 6.9 6.65-7.0 Fexviii
109 A˚ 6.9 6.8-7.05 Fexix
133 A˚ 7.1 7.0-7.3 Fexx, Fexxiii
284 A˚ 6.3 6.25-6.5 Fexv
304 A˚ 4.9 4.8-5.1 He ii
335 A˚ 6.4 6.3-6.65 Fexvi
In the 2011 September 30, 2011 December 25, and 2012 August 31 events, pictured
respectively in Figure 3(b, d, & f), the 304 A˚ emission dominates the flare spectrum; in
other events, such as 2011 November 15 and 2012 May 7 there is very little 304 A˚ emission,
Figure 3(c & e). The variability of the 304 A˚ He ii spectral line is highlighted in Figure 3(e),
in which the 304 A˚ signal from the C8 flare with a peak time ∼11:10 dwarfed by the emission
from an earlier C1 flare which peaks at ∼10:30.
Though the 2011 May 29 flare, Figure 3(a), has a significant 304 A˚ signal, the Fexv and
Fexvi emission observed in the 284 and 335 A˚ spectral lines is markedly stronger. Another
particularly interesting event is the 2011 November 15 flare: flare emission is observed only
in the the 304 A˚ as well as the hottest 94, 109, and 133 A˚ lines, corresponding with Fexviii,
Fexix, and blended Fexx and Fexxiii. This flare lacks the cooler 284 and 335 A˚ emission.
Lightcurves of the 2011 May 29 and 2012 August 31 events show EVE data drop outs, Figure
3(a,f). In the subsequent analysis, linear interpolation was implemented to approximate the
missing signal.
The flare occurring on 2012 August 31, was associated with a large filament eruption.
Observations from AIA, such as Figure 2(f), show that this event is significantly larger and
more complicated than the rest of these flares. However, the uncorrected SXR flux associated
with this event only reaches a C8.5 value, meeting the criteria for inclusion in this sample.
Because of the relatively small size of our sample, the magnitude and uniqueness of this event
influences aspects of our statistical analysis. However, the behavior of the 2012 August 31
event is consistent with correlations and trends set by the rest of the data: excluding this
event from the data does not significantly impact the results of this study. Accordingly, we
do not believe it should be excluded as an outlier: though it is clearly a highly complex event,
the same characteristic flare processes are in play. We note that our statistical calculations
could be greatly improved by a larger sample which included more such large events.
Table 3 lists the statistical parameters characterizing the distribution of timescales
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within our flare sample. The mean duration of the sample is 47.4 min while the median
is 25.3 min. The standard deviation, 50.6 min, is greater than the average duration, thus
demonstrating a significant spread in the characteristic time scales of C8 flares. This spread
in durations is consistent with the low correlation between characteristic time and peak SXR
flux found in the study Veronig et al. (2002), which includes flares of many GOES classes.
Table 3: Characteristic FWQM flare rise (a), decay (b), and total (a + b) durations
ttot (a+b) trise(a) tdecay (b)
Value (min) (min) (min)
Mean 47.4 12.0 35.4
Median 25.3 5.8 19.7
Standard deviation 50.6 16.6 34.8
Range 6.1-183.0 1.6-55.3 3.82-129.4
The time scales of our sample are characteristically longer than those given in previous
studies. Veronig et al. (2002) found a mean duration for all C and M flares of 12.0±0.2 min
and 24.0±1.3 min; rise times of 6.0±0.1 min and 10±0.5 min; and decay times of 6.0±0.1
min and 12.0± 0.7 min. While studying the effect of X-ray background on flare occurrence
rates, Feldman et al. (1997), analyzing a large range of classes, found that the distribution
of flare durations peaks around 6-8 min; the peak of our distribution is around 15-25 min.
Alternate definitions of flare start and end times contributes to the discrepancies in these
time scales. Veronig et al. (2002) use the standard GOES Solar Geophysical Data catalog
start and end times; Feldman et al. (1997) use the full width half-max duration. Reporting
flare time scales using the quarter-max values can significantly extend the characteristic time
intervals past half-max values. Furthermore, it is likely that our relatively small sample size,
which includes the 2011 August 31 filament eruption as well as other long duration events
affects the time scales which we report.
3.2. Correlations in Time Scales and Energy Partitioning
Though we find significant variability in the temporal scales of these similarly classified
flares, we show that the total duration, rise, decay times of a single flare are linearly related.
Figure 4 shows substantive correlations (R > 0.90) between the characteristic time scales
of these C8 flares. Using the FWQM definition, our statistical analysis shows that the rise
phase of the flare scales as approximately a third of the total duration; while the decay phase
scales as approximately two thirds the duration. Within our uncertainties, contributed to
– 12 –
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Fig. 4.— A linear regression shows that the FWQM characteristic time scales of these flares
are highly correlated (R > 0.90). (a) The rise time of a flare accounts for slightly under
a third of the total duration. (b) The decay from peak intensity to quarter-max intensity
accounts for approximately two thirds of the duration of these flares. (c) The duration of
the decay phase is proportional to the rise phase. In each panel, the line of best fit has been
over plotted.
by a 10s measurement cadence, the 10 minute box car smoothing, as well as the background
subtraction, a linear regression shows that the FWQM decay phase scales as twice the
length of the rise phase. This linear regression gives constants of −3.0 and 3.0 in relating the
respective rise and decay times to the total flare duration. These constants are unphysical,
it is not possible for the individual flare phases to have non-zero durations while the total
flare duration is zero. Additionally, we performed this linear regression forcing this constant
through the intercept; this constraint does not significantly affect the reported relationships.
This proportionality between time scales has interesting implications for the partitioning of
radiated energy between the different flare phases.
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Figure 5 shows the relationship between event duration and total radiated EUV energy
(broadband EVE observations integrated over the total flare duration). Energy is positively
correlated with flare duration: this is not surprising as the total energy is taken as an
integral over time. Figure 5 also shows the X-ray energy portioned into the flare rise and
decay phases. We find that the decay phase always contributes more to the total energy
than the rise phase.
Figure 6 shows a plot of the total radiated SXR emission as a function of duration
multiplied by the peak flux. We find that these two quantities are highly correlated. This
is consistent with the findings of Veronig et al. (2002) and Li et al. (2012) who each looked
at a range of flare classes. Veronig et al. (2002) interprets this result as an indication that
the profile of the GOES lightcurve is not strictly important to the time integrated flux of a
flare.
Additionally, Figure 6 demonstrate that the emitted energies in the individual rise and
decay phases follow this relationship: the amount of energy radiated in the rise and decay
phases is directly proportional to the peak flux multiplied by the duration of each phase.
Because our sample is constrained to flares of a similar peak SXR flux, it follows that radiated
energy, in either the total, rise, or decay phase these flares, is simply proportional to the
relevant time scale.
We find high correlations between the total duration of a flare with the individual
durations of its rise and decay phases. Additionally, we have shown that the radiation
emitted over each phase of the flare is simply proportional to the duration of the respective
phase. Together, these results suggest a constant partitioning of energy between the different
phases of a flare. Figure 7 shows that the emission observed in the GOES 1-8 A˚ waveband
over the total flare duration is closely correlated to the energy radiated in the rise phase
Table 4. Impact of time definitions on proportionality constant between rise and main
phase of the flares in our sample and associated correlation coefficient (R).
Definition Time GOES Energy MEGS-A Energy
Slope Rtime Power Rlog Slope Rlin Power Rlog Slope Rlin
FWHM 0.37 0.97 0.98 0.95 0.40 0.98 1.00 0.98 0.32 1.00
FWQM 0.32 0.97 1.03 0.95 0.37 0.98 1.03 0.99 0.25 1.00
FW1/8M 0.26 0.96 1.07 0.95 0.34 0.98 1.04 0.99 0.19 1.00
FW1/16M 0.18 0.91 1.06 0.95 0.30 0.97 1.00 0.98 0.14 1.00
– 14 –
1028 1029 1030 1031
Total EUV (MEGS−A) Flare Emission (ergs)
0
50
100
150
200
Ti
m
e 
(s)
GOES Duration
GOES Rise
GOES Decay
Fig. 5.— The characteristic FWQM times of the rise (blue + ), decay (red x) and total
duration (black *) for each flare as a function of time integrated radiation in the EVE
MEGS-A wavelengths.
alone. A regression in logarithmic space shows that the energy radiated in the rise phase
of a flare scales linearly with total SXR emitted energy (a power law index of 1.03 with
R = 0.95). A regression in linear space gives a line of best fit with a slope of 0.37 and a
strong correlation value of R = 0.98. We interpret this result as an indication that C8 flares
radiate slightly under 40% of their total 1-8 A˚ X-ray emission during their rise phase.
Integrating over the EVE wavelength range provides a method to analyze broadband
flare EUV radiation. Figure 7 also shows high correlations in the time integrated EUV
radiation between the rise phase and total duration. Emission observed by EVE during the
GOES FWQM rise phase scales linearly (power law index of 1.03) with the emission observed
over the total flare FWQM duration. A best fit line gives a constant of proportionality of
0.22, with a correlation of R > 0.99. Accordingly, approximately 22% of the broadband
EUV emission of a typical C8 event occurs during the rise phase. The linear constant from
this fit is close to 2.5 × 1027 ergs. We note that these constants are unphysical quantities
used only to define our line of best fit; in the limit of zero total radiated emission, the rise
energy should clearly tend to zero.
It is striking that a linear correlation between energies emitted in the rise and decay
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Fig. 6.— Time integrated GOES emission over the total flare, as well as the decay and rise
phases plotted versus the duration of the appropriate time interval multiplied by the peak
GOES flux.
phase of the flares occurs in both EVE and GOES observations. The difference in per-
centage of energy partitioned in the rise phase between these two instruments (∼ 37% for
GOES and ∼ 22% for EVE) follows from differences in their temperature response functions.
GOES is sensitive to high temperature plasmas present early in the flare, while broadband
EVE observations include many cooler spectral lines. Emission from these EUV spectral
lines, brightest primarily in the decay phase of a flare, are a significant portion of the total
EUV radiation. Accordingly, compared with GOES X-ray observations, the rise phase EUV
emission accounts for a lower percentage of the total EUV flare radiation.
The correlations found between characteristic flare times, as well as SXR and EUV en-
ergies, are sensitive to the definition of the FWQM time scale. We further investigate the
relationship between rise and decay times using several alternate definitions: full width half-
max (FWHM), full width eigth-max (FW1/8M), and full width sixteenth-max (FW1/16M).
In considering these factors, we consistently find highly correlated linear relationships be-
tween the flare time scales. Table 4 shows the various linear slopes and correlation values
calculated for the time, SXR, and EUV energies.
The use of FW1/8M and FW1/16M values causes the slope relating the duration of the
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Fig. 7.— For both GOES (a) and broadband EVE (b) observations, a regression in log space
shows that the energy emitted over the rise phase is linearly related (power law with index
1.03 in either case) to the total integrated emission. The dashed lines in each plot depict a
perfectly linear slope. An additional linear regression gives the constant of proportionality
between the rise and total energies: 0.37 for GOES and 0.22 for EVE.
rise phase relative to the total flare duration to decrease. Because of the impulsive nature of
the rise phase, alternate definitions of the start time do not greatly affect the length of the
rise phase. However, the decay time, and thus the total duration, is significantly affected
by these distinctions. Though the use of alternate time definitions impacts the reported
durations of these events, we continue to find linear relationships between rise time and
total time.
Similarly, using alternate definitions primarily affects the energy reported in the flare
decay phase. However, Table 4 shows that a highly correlated energy partition exists re-
gardless of particular time definitions used. In exploring time definitions which extend the
flare duration (i.e. the FW1/8M and FW1/16M), we find that the proportion of flare energy
partitioned in the rise phase decreases.
3.3. Additional Flare Parameters: Temperature, Emission Measure, Volume
In addition to time scales and broadband radiated energy, we use our constraint of
GOES class to consider a range of flare properties. In particular, we address the thermal
parameters for the flaring plasma, such as temperature, emission measure, and volume.
Temperature and emission measure have been obtained through diagnostics of the GOES
lightcurves, while volumes are estimated from the AIA images.
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Fig. 8.— Dashed line shows a sample diagnostic of temperature (a) and emission measure
(b) from the 2011 May 29 flare. The 1-8 A˚ GOES flux is plotted as a solid line in both
frames.
Observed GOES flux is given by the expression
FSXR = Gλ(T )N
2
e V, (1)
where Gλ(T ) represents temperature response of the GOES channels, and Ne and V are
the density and volume of the flare plasma. The emission measure is given by the term
EM = N2e V . Because Gλ(T ) is well known for both GOES channels, the ratio between
the long and short channel observations allows for a diagnostic of flare temperature and
emission measure. Several SSWIDL functions exist allowing for the straightforward calcu-
lation of these parameters under an isothermal assumption (White et al. 2005). Though
Reeves & Warren (2002); Warren (2006); Reeves et al. (2007) have shown that flares likely
consist of many multi-thermal strands, the approximation provided by the isothermal as-
sumption suffices to demonstrate trends in temperature and emission measure between these
flares.
Figure 8 shows the characteristic behavior of temperature and emission measure for one
flare of our sample. Maximum temperature is attained early in the lifetime of the flare,
typically close to the quarter-max onset. GOES X-ray flux peaks later in the event, either
preceding or occurring simultaneously with the maximum emission measure. Figure 9(a &
b) shows flare temperature and emission measures at the time of maximum temperature,
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peak GOES flux, as well as maximum emission measure. We demonstrate strong scaling
with these parameters and the total radiated EUV energy. It is important to note that,
because of our constraint on peak GOES flux, temperature and emission measure are not
both free parameters (see Equation 1). Accordingly, the scaling shown between, for instance,
flare temperature with the total radiated energy determines the scaling between emission
measure and energy. This figure shows that the more energetic, accordingly longer duration,
events of our sample of C8 flares are cooler; in order for cooler events to have a peak C8 flux,
these flares must have characteristically higher emission measures. Additionally, this figure
highlights the large range of temperatures and emission measures which can be attained by
C8 events.
Analysis of AIA data allows for the estimation of flare volume using the average of two
manual calculations. One method approximates the flare arcade as a semi-circular structure
with a cross-sectional area defined by the footpoints. Using AIA image data, we manually
select a radius r to fit a semi-circular structure to the flare arcade. The footpoint area, A,
is determined by drawing a box that encompasses the flare loop footpoints in the image.
The volume of the flare is given by the circumference of the semi-circle times the footpoint
area (pirA). The other method multiplies estimates of the depth, width, and length of the
flare arcade structure. Figure 10, which shows an AIA 304 A˚ image taken of the 2011
September 04 flare, shows measurements of the flare volume using both methods. These
volume estimations were performed with the AIA data which provide clearly resolvable and
localized flare emission representative of the total extent of the flare. The uncertainties on
these measurements, arising primarily from projection effects, can be quite large. In some
cases, flare morphology, as well as orientation and location on the solar disk, prohibit precise
measurements of flare geometry; in these analyzing these events, uncertainties in volume
measurements may be close to an order of magnitude. Other events exhibit clear geometry
which are relatively easy to measure (e.g Figure 10).Because of the large systematic error
arising from projection effects, as well as the inherent subjective in manual measurements,
a strict quantification of these uncertainties proves quite challenging.
Volumes of these flares vary from approximately 5×1025 cm3 to 5×1029 cm3. Figure 11
shows relationships between volume and other various flare parameters. There is a significant
relation between flare volume and duration. We find a power law slope of a = 0.29 and a
correlation of R = 0.76. The longer flares of this sample tend to involve larger volumes of
flaring plasma, and larger total emitted energies (as shown in the previous section). We
find a power law value relating volume and total emission of a = 0.42 and a correlation of
R = 0.80. Additionally, we find that the larger volume C8 flares are generally cooler events;
in these flares the input energy is spread over a much greater volume of plasma.
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Fig. 9.— (a) Flare emission measures at time of maximum temperature (red), peak SXR flux
(green), and maximum emission measure (blue) as a function of the EUV radiated energy.
Within our sample there is little deviation in the emission measure at the time of max
temperature, which occurs early in the flare. The emission measure at peak flux (green) is
typically similar to maximum emission measure (blue); these values are usually a factor of 2-3
larger than the initial values. (b) Logarithmic temperature at time of maximum temperature
(red), peak SXR flux (green), and maximum emission measure (blue). The hottest events
are generally less emissive flares. This figure additionally helps convey the time evolution
of flare temperature and emission measure; chronologically, max temperature (red) occurs
first, followed by peak SXR flux (green), and finally maximum emission measure (blue).
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A304 04−Sep−11 01:06:10.080
Fig. 10.— AIA 304 A˚ image of the 2011 September 04 flare showing our methods for
estimating flare volume. The (black) lines plotted over the flare loop show estimates for flare
length, depth, and width. The (blue) radial line and box shows our estimated loop radius
and footpoint area. The volume was taken as the average of these two estimates. This flare
has a clear loop like structure; other flares, particularly those positioned further from the
limb, lack such an easily identifiable loop structure.
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Fig. 11.— (a) Flare duration as a function of volume; there is a clear positive correlation. (b)
Flare emission as a function of volume, once again there is a significant positive correlation.
(c) The logarithmic temperature is negatively correlated to flare volume. (d) The emission
measure seems to have a small positive correlation with volume; we note a decent scatter,
more data points are needed to fully understand this trend.
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Fig. 12.— (a) Density at the time of maximum emission measure as a function of total
radiated EUV energy. (b) Density at time of maximum emission measure as a function of
FWQM GOES duration. It is clear that the longer and more emissive flares have lower
densities
Volume estimates, together with emission measure values diagnosed from the GOES
filter ratio analysis, provides an estimate for the density of the flaring plasma. Assuming
constant volumes, the density is simply proportional to the square root of the emission
measure:
Ne = (EM/V )
1/2.
The densities at the maximum emission measure are shown in Figure 12 as functions of
both the flare duration and radiated EUV energy. The highly emissive flares with the longer
durations and greater volumes tend to have lower densities. It is important to note that
these values represent the density at the time of maximum emission measure; the highest
densities 1011− 1012 cm−3 occur in the flare footpoints during the impulsive phase (Milligan
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2011). Milligan et al. (2012b) provide an alternative method for density diagnostics through
the use of several Fexxi lines without knowledge of the flare volume.
The results of our analysis are useful in testing flare models and scaling laws. For
example, Reale (2007), using the previous work of Serio et al. (1991), proposes hydrody-
namic scaling laws for the cooling times and lengths of a single flaring loop. Diagnostics of
flare temperature and emission measure from the GOES channels allow for a comparison of
observations with this simple loop model, which gives an expression for loop length as
L = 3× 103
(
T0
TM
)2
T
1/2
0,7 t,
where L is the half loop length in units of 109 cm, T0 is the maximum temperature, TM is
the temperature at the time of maximum density (i.e. emission measure), T0,7 is the peak
temperature of the plasma in units of 107 K, and t is the time of the maximum density in
seconds. Figure 13 shows the diagnosed loop lengths with the estimated lengths taken from
AIA data. Though highly quantifiable uncertainties are difficult to determine for these loop
lengths we are highly confident that these estimations are accurate within a factor of two.
The derived lengths are, for the most part, within this range of uncertainty. The dashed line
in the bottom plot shows the 1-1 correspondence; we note that the data roughly follow this
trend, but with a notable scatter.
4. EVE lightcurves
We have established that these flares vary significantly in their energetic, temporal, and
thermal aspects. Understanding the correlations between the temporal and thermal param-
eters allows for deeper analysis of the variability in EUV spectral emission. For instance, we
show how the lower temperatures and densities of the longer duration C8 events help explain
aspects of the diverse spectral signatures observed by EVE.
Durations for each lightcurve were calculated with the FWQM method used in deter-
mining characteristic times from GOES. Figure 14 shows the duration of each lightcurve,
including the GOES 1-8 A˚ channel, as a function of the total radiated EUV energy. Each
spectral line shows the expected correlation between duration and total radiated EUV out-
put: longer duration flares are more emissive. The 335 A˚ duration shows a particularly high
dependence on the total emitted radiation; for the largest events, this Fexvi emission lasts
significantly longer than the hotter spectral lines. In both the impulsive and intermediate
flares, 335 A˚ emission endures on time scales similar to the hotter spectral lines.
For several flares in the sample, the cooler Fexv and Fexvi spectral lines do not return
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Fig. 13.— (a) Observed and derived flare loop lengths. Observed lengths were taken from
manual measurements of AIA observations while derived lengths are given by the method of
Reale (2007). (b) Derived flare loop lengths plotted against observed lengths; the dashed line
shows a 1:1 correspondence. Error bars have been plotted on one data point to illustrate
the factor of two uncertainty on the observed loop lengths.
to pre-flare levels–e.g. 284 A˚ emission from the 2011 May 29 event displayed in Figure 3. This
effect occurs in three 284 A˚ and four 335 A˚ lightcurves. The lack of full decay is typically
attributed to either interruptions by other events or the presence of late phase emission
outlined by Woods et al. (2011) as well as Hock et al. (2012). Because these lightcurves
do not have a determinable FWQM duration, they were omitted from Figure 14. Though
observed in several of the flares in our sample, full consideration of late phase emission is
out of the immediate scope of this study. Other data were omitted when flare emission in
a given wavelength did not significantly increase above background levels: e.g., the cooler
spectral lines in the 2011 November 15 event.
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Fig. 14.— FWQM durations of EVE spectral lines lightcurves; GOES SXR duration is also
displayed.
Flare cooling can be demonstrated through analysis of the peak emission times of differ-
ent spectral lines. Each lightcurve (except 304 A˚) is dominated by emission from a specific
ionization state of iron. These ionization states have a broad range in formation tempera-
ture. Accordingly, the time elapsed between each lightcurve peak is indicative of the thermal
evolution of the flare plasma. Figure 15 displays the intervals between the peak time of each
lightcurve and the time of peak GOES flux, negative values mean the lightcurve attained a
maximum value before the GOES lightcurve; once again this figure omits non-flaring spec-
tral lines. Chamberlin et al. (2012) use a similar technique to show the thermal evolution of
several flares through EVE data.
In the hotter and less energetic events, each lightcurve peaks within a few minutes of the
others, indicating the rapid evolution in these flares. The intermediate events show a similar
behavior in the hotter spectral lines; in contrast, these events show a significant scatter in
the the peak times of the cooler 284 and 335 A˚ lightcurves. As expected, we find that
335 A˚ emission consistently peaks before the slightly cooler 284 A˚. Time intervals between
successive lightcurve peaks are increased in the flares which emitted the most radiation.
The He ii 304 A˚ line, with a peak formation temperature around 80,000 K, is indicative of
impulsive chromospheric heating. For low and intermediate energy flares, maximum 304 A˚
emission occurs within the several minutes around the GOES peak; alternatively, with the
longer duration flares, 304 A˚ emission is a consistent precursor to the peak GOES flux.
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The timing of peak temperature and emission measure with respect to the peak in-
tensities of the GOES and EVE lightcurves, also shown in Figure 15, can help explain
phenomena observed in the EVE lightcurves. Spectral line intensity, given by the equa-
tion I = Gλ(T )N
2
eV, is highly dependent on flare temperature and emission measure. The
evolution of these parameters are key in the timing and intensity of the EVE lightcurves.
Though the peak intensities of 133 A˚ and SXR emission generally occur at the same
time, 133 A˚ emission peaks significantly earlier in the two most energetic flares. In these
same events, the maximum temperature also occurs significantly earlier relative to the other
events in our sample. The 133 A˚ spectral line and GOES are both sensitive to temperatures
greater than Log T=7.1; however, the GOES 1-8 A˚ response function also has significant
contribution from lower temperature plasma. The advancement of 133 A˚ emission occurs
because of the relative early timing of the peak temperature. In contrast, the maximum
GOES flux, can occur when peak when temperatures are lower.
Additionally, the later occurrence of peak emission measure suggests that cooler spectral
lines should be more emissive in longer duration events: peak emission measure occurs when
the plasma temperature is lower. Figure 16, which shows the maximum intensities achieved
by each lightcurve as a function of the total EUV energy, is consistent with this hypothesis.
Other than the 304 A˚ emission, which is the result of particle deposition and heating of
the chromosphere through conductive fronts, the cooler 284 and 335 A˚ spectral lines are
notably bright in long duration events, dominating over the hotter spectral emission. Figure
16 furthermore shows that the peak flux in the 94 and 109 A˚ wavelengths have upward
trends with the total emitted EUV energy. This result is consistent with our finding that
the emission measure remains enhanced though the peak temperature has decreased; not
only do lines formed under Log T = 7 peak later in the most energetic events, they are also
more emissive. This upward trend is also contributed to by the slight positive correlation in
the size of emission measure with flare duration and energy reported in Section 3.2.
In comparison with the other spectral lines, the peak intensity of the 133 A˚ emission
is fairly constant across our sample. The formation temperature of the 133 A˚ is similar to
the GOES 1-8 A˚ X-ray emission. Because the flares in our sample have a constrained peak
GOES flux, it is not surprising that the magnitude of 133 A˚ emission is relatively constant
in our sample. We furthermore find that 133 A˚ emission is typically more dominant in the
lower energy, shorter duration events.
Our analysis shows trends in the peak intensities of EUV spectral lines with increasing
emitted energy, however there are several spectral lines which do not show clear positive
trends. For instance, though it increases in the most energetic events, the peak intensity of
284 A˚ emission does not show a consistent correlation with increased total radiation in the
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impulsive and intermediate flares. Additionally, as shown in Figure 16, the peak intensity
of 304 A˚ He ii emission ranges over an order of magnitude in the flares of our sample. For
the both the impulsive (less energetic) and intermediate events there is no clear correlation
with the total emitted energy. The most energetic flares in our sample always appear to
always show large He ii emission. However, given the dispersion present in the impulsive
and intermediate events, the inclusion of more data is needed to concretely determine the
behavior of the He ii line in these cases.
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Fig. 15.— Peak times of EVE spectral line relative to the time of the peak GOES 1-8 A˚
emission: zero corresponds to the time of the GOES peak. The times of peak temperature
and emission measure are also shown.
5. Discussion
Correlations between the durations and energies in rise and decay phases suggest that the
energy release process in flares is determined early in the flare evolution. Based on our results,
several characteristics of the flare in its decay phase can be forecasted by observing the rise
phase. We show that through constraining both the peak GOES flux and flare rise time,
other physical parameters of a flare are determined; within our results, determination of two
parameters is sufficient to roughly determine the flare’s behavior. While this scaling applies
to the single C8 class analyzed in this work, future work will investigate whether a similar
scaling holds to additional flare classes. Veronig et al. (2002) and Li et al. (2012) showed
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Fig. 16.— Max intensities of EVE spectral line lightcurves.
that for a broad range of GOES classes, the time integrated flux of flare is proportional to
the peak GOES flux times the duration. This result, consistent with our findings, suggests
that several of the correlations reported within our study are applicable to additional flare
classes.
Constraining GOES class has proved a novel tool in the analysis of flare dynamics.
In considering flares of multiple GOES classes, the correlations in energetic and temporal
parameters within a single flare class are not immediately clear. With no constraint on peak
SXR flux, these significant correlations within a single flare class are easily hidden within
the statistical dispersion of a large sample set: e.g. Figure 3 of Veronig et al. (2002).
In addition to our investigation of the temporal and energetic aspects of a flare, the
constraint of GOES class allows for a robust analysis of parameters such as temperature,
emission measure, volume, and density. We have shown that within a single GOES class,
the largest flares with the greatest amounts of emitted radiation are characteristically cooler,
more voluminous, and less dense than less energetic events. As the temperatures of longer
duration events are cooler, the emission measure of these events are correspondingly higher.
The strength of these scaling laws as well as their applicability over the entire range of C8
flares will provide a useful foundation for future work, particularly regarding flare models
and the development of scaling laws.
These empirically determined relations between flare parameters are straightforward
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and easily comparable with physical models. For instance, we have shown that a length
diagnostic given for a single flaring loop by Reale (2007) compares surprisingly well with the
observed data. It is interesting that this single loop model is able to reasonably diagnose
loop lengths for such a range of flares: this model provides order of magnitude estimates
for loop lengths of hot compact flares, events composed of a few closely bundled strands,
as well as highly complex long duration events which incorporate vast numbers of coronal
loops. These results are relevant in the context of stellar studies, where direct imaging of
coronal plasma is not possible and indirect means of measurement are required to diagnose
the spatial distribution of emitting coronal plasma. Assuming that similar results extend
to different classes of flares, our findings suggest that this diagnostic, based on single loop
hydrodynamic models of flares, is robust and provides sound estimates for flares which clearly
involve several loop structures.
Scaling laws proposed by Serio et al. (1991) relate the flare decay time with the tem-
perature and length of the loop:
tb ∝
L√
T0
,
where L is the loop length, tb is the decay time, T0 is the peak flare temperature. The
derivation of this scaling law considers both the conductive and radiative cooling times.
Reale et al. (1997) modified this law, including an empirically derived function F to account
for heating in the flare decay phase.
tb = F
L√
T0
From these equations, it is clear that the duration of a flare increases with longer loop
lengths and lower temperatures. The diagnostics of Section 3.3 show that the longer duration
flares in our sample have characteristically lower temperatures and densities, as well as longer
loop lengths. Accordingly, we expect these flares to have longer characteristic cooling times.
Figure 15 shows that EVE observations are consistent with this analysis of cooling times:
cooler flares with longer loop lengths are drawn out over extended periods of time.
The temporal evolution of parameters such as temperature and emission measure are
also related to the flare cooling rate. Prolonged cooling times increase the intervals between
the various stages of flare evolution. Therefore, in the long duration events, we expect an
increased interval between the peak flare temperature and, for example, the peak SXR flux.
In these flares, peak emission measure should occur relatively later in time: enhancements
in coronal emission measure arise from the conductive heating of flare footpoints, resulting
in the evaporation of chromospheric plasma. This process is prolonged by the longer cooling
times.
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Previously, Aschwanden et al. (2008) empirically determined scaling laws using statis-
tical observations of both solar and stellar flares:
ttot ∝ T 0.91±0.05p
L ∝ T 0.91±0.04p ,
where Tp is the temperature at the peak flare time, ttot, is the total duration and L is the
flare loop length. These power laws, which show positive relationships between temperature,
duration, and loop length, represent global flare behavior without regard to GOES class.
These power laws, derived from both extremely large and small events, observed on both
the sun as well as other stars, show positive correlations between flare parameters such as
loop length and temperature. However, our results show that within a single GOES class,
these flare parameters are negatively correlated. These results show that global correlations
are not applicable to constrained subsets of flares, such as the C8 flare class.
6. Conclusion
This study uses EVE and AIA data to analyze relatively isolated solar flares within a
small range around the C8 GOES class (events with peak flux around 8 × 10−6 W m−2).
Through constraining our statistical analysis to flares of a single GOES class, we show the
diversity of events which produce the same peak SXR flux. This work explicitly demonstrates
how greatly duration, emitted radiation, temperature, volume, and density may vary within
a single GOES flare class. In illustrating the range of events occurring within the C8 GOES
class, we uncover significant relationships existing between various physical parameters.
SDO and GOES observations of a sample of 17 C8 flares show strong relationships in
the timings and energetics of the rise and the decay phases. We find that the duration
of the rise phase is directly proportional to the decay phase time scale. Additionally, we
show strong scaling between radiated SXR energy and duration. The amount of energy
emitted by a C8 class flare is directly proportional to its duration. This proportionality
further extends to the individual rise and decay phases: e.g. the energy emitted in the rise
phase is directly proportional to the duration of the rise phase. We furthermore show a
proportionality between the energy radiated in the rise and decay phases: this linear scaling
is observed in both broadband EUV and SXR emission.
We have defined the rise and decay times using the full width quarter max (FWQM)
values of the GOES 1-8 A˚ lightcurve; this selection is an arbitrary distinction. The particular
values used to define the flare start and end times can significantly affect both the the
durations and radiated energies reported for a flare. However, we have explored alternate
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definitions for time periods and verified the linear scaling between rise and total times of
our sample of flares. We have furthermore verified that the SXR and EUV emitted energies
during the rise and total duration of the flare scale linearly independent of the time definitions
used.
It is especially interesting to find a highly correlated energy partitioning between the
rise and decay phase in both the SXR emission (Log T > 6.7) as well as the the EUV band
(sensitive to a temperature range of Log T < 5 to Log T > 7). EVE observations of our
sample flares present a very broad range of spectral signatures. For instance, 304 A˚ emission
from He ii is in some cases a dominant contributor to the emitted energy in the EVE band,
but its peak emission is highly uncorrelated with the total energy of the flare and ranges by
more than an order of magnitude for very similar flare energies (Figure 3). Analogously, the
peak emission in the cooler (2-4MK) lines is very different from flare to flare and presents a
large scatter. It is notable that the integrated EUV behavior is fairly predictable while the
behavior of individual lines varies drastically.
In considering a variety of thermal aspects of these events, we find substantial corre-
lations between numerous parameters. Our work demonstrates that within the C8 GOES
class, flares with longer durations, which are generally more voluminous and have longer
loop lengths, emit more total radiation. In turn, these events have lower temperatures and
densities. Shorter duration flares, which are smaller in geometric size and emit the least
radiation, are the hottest and densest events. Within this constrained GOES class, these
relationships have a high certainty and limited statistical dispersion.
The time evolution of temperature and emission measure govern flare emission such as
EUV spectral radiation. Through analyzing relationships between various thermal parame-
ters, we explain observed variations in the spectral lines of these C8 events. We show that
long duration energetic events tend to have brighter and longer enduring spectral emission.
These events cool down over longer periods of time. Furthermore, these events tend to have
prominent emission from spectral lines formed at temperatures less than Log T =7. The
hottest events, which are also the fastest evolving, tend to be dominated by spectral lines
formed at higher temperatures. Our investigation into relationships between the thermal
properties of flares has allowed for a deeper understanding of their spectral emission.
The statistics of our study would be greatly improved by a significantly larger sample.
Our study is impacted by the inclusion of the large filament eruption on 2012 August 31.
Though this event is unique to our sample, it cannot be explicitly thought of as a statistical
outlier. The flare is consistent with trends present in the rest of the data. To fully explore
and quantify the relationships presented in this work, a larger statistical sample is needed;
ideally a larger sample would include more of these large scale events. We have only included
– 32 –
events which occurred after SDO data became available; however, it would be possible to
expand the portions of this study which rely solely on GOES data, to include a much larger
number of events ranging over solar cycles.
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